
• 

• 1t• \ 'f"nlclf 

DATE : 

TO : 

FRoM: 

SUBJECf : 

. STATE OF MISSOl Kl 

DEPARTMENT OF NATIJRAl RESOURCES 

~IEMORAi~DllM 

Oc tob~r . 1 2 , 1 988 

Chuck Kroeger, DEQ, Springfield 

Charl es \Ji lliams; ro...s, Ro11a(t{(k.(fJki{, 41<_\ 
Litton Industries PA/SI Site 

1 ll\1~wn o f C.nJlo~•y and Lind Sun·ry 
I ll\l'IOn o f \hrul(ement S..·nil·~ 

1>111 '"'" of l'Jrk.'. Reneallon . 
Jm.I I hswn<: l'n·o,en-Jllo n 

Enclosed is the geohydrologic information required for the D::>cumEmtation . 
Records fo r Hazard Ranking System, and Part 5 of the Potential Hazardous 
\./aste Site - Site Inspection Report for the subject site. · 

The Litton site is within a 4-5 square mile internally-drained area 
northwest of the Springfield City limits CSee map included as reference 
.3 l . i.Jithin this sinkhole plain, all precipitation enters the groundWater . 
system in one way or another. Much of the precipitation enters sinkholes, 
which funnel water like a storm-sewer system to spring outlets to the 
north and east. · A s ignificant aroount of precipitation percolates throu~h 
the permeable residu<;il s oil to the top of the pinnacled bedrock. These 
laterally d i scont inuous perched wat:,er zones provide base flow to the area 
~pr1nr,s by s lowly releasing t he groundwater to sbl ution-~enlarged 
conduits . A minor aroount of the precipitation that falls on the area, 
possibly an . insignificant aroount, bypasses the karst drainage system and 
recharges the regional Mi ssissi ppian Aquifer below the vadose zone. 

\./hen heavy and/or prolonged precipitation occurs at the Litton site, . 
surface flow drains predominantly to. a si.nkhole in the northeast corner of 
the 'Springfie ld Municipal Airport. An artificial drainage channel has 
been constructed along the eastern side of the airport, which empties into 
t,he broad, shallow .. Airport Sink". This \.<as done to prevent ponding of 
water around the northeast runway. The southeast part of the Litton site 
is drained by a .sinkhole on the other s ide of the companys' east property 
Une. fluorescein dye was injected into .the Airport Sink after a · heavy 
rain, a nd the dye was rec_overed at i.Jil-liams, Fantastic Caverns, and Bunge 
:-iprinizs to the north-northeast. Csee 1·eference J l. Durin!l low fl ow 
condi tions, these s prings function independently of euch other, as shown 
by the results of other . dye injections durin!J dry \.leather, but in hiah . 
fl ow, they uppear t o overrl ow and cornmi ngl e with ench other. · 

A dye trdce has not been dttempted from the s inkhole that drains the 
s qutheas t corner uf the s ite . Based on the Mono Mfg. dye trace , however, 
fl uids ~nteriniz thi ::; s inkhole would be expected to tr3vel to Ritter \.lest 
Sµr ing io the no~theast. A dye tra~e will be a ttempted from this s inkhole 
:Jometine Lhis winter . The zone between the Litton Site and the Airport 
Si nk is a erey cl r ea . . 1his area may recharr,e the nort.hern sprincs, or . 
Ri tter 'wiest s prinfl. It is an area or s h1nifi c:Jnt perched W.3ter, at the 



• 

residunl s oil / bedrock interface. I don't have any informa.tion on the 
IT.¥)nitorin11 wells that were adjacent to the old process lagoon, but I 
e xpect that t hey were drilled to. refusal (bedrock>, and roonitored this 
di~continuous perched zone. 

. . 

Properly cased water \.Tells downeradient of the site should be unaffected 
by the contdminants originating there. Even J:)oorly cased weils (those 
that are open to at · least part of .·the vadose zone> are marginally 
susceptible to being contaminated from the Litton site because the chances 
of intercepting a solution- enlarged c.ondui t are relatively small. Wells 
completed in the Ordovician. aquifer and cased below the Northview 
confining unit are in no danger of being c.ontaminated from the Litton 
site. 



OOC'JMENTATION RECX>RDS FOR HAZARD RANKING SYSTEM 

. PAGE 

Location:. SE 114, S\l 1/4, Sec. 6 (measured from bottom. of lona section>, 
T. 29 N ..• R. 22 \J., Brookline Quadrangle. 
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Name/description of aquifer<s> of concern: 

There are two aquifers of concern here . . The upper aquifer is coq>ased of 
all bedrock uni ts above the Northview aqui tard, predominantly limestone 
and. cherty limestone. This aquifer is highly susceptible to contamination 
due to its · proximity · to the surface and the high degree of solution 
weatherin~ it has been subjected .to. 'Ille yield from this aquifer is 
highly variable · < 1-50 1ZPm >, depending . on depth of penetration of the 
aquifer and the aioount of secondary permeability features intercepted by 
the wellbore. The lower, or major aquifer, is separated from the upj:,er 
aquifer by the 25.:..30• thick Northview Formation •. . which is mainly shale, 
with minor siltstone. This thick aquifer is composed of dolomite and 
sandstone, and is recharged alioost entirely from precipitation fallinQ on 
its outcrop area to the east on the Salem Plateau. A minor amount of 
recharl1e from · the overlyinli upper aquifer does occur because of the head 
differential between the two aquifers. \Jells open to the entire sequence 
are capable · of producing 1000-2000 qpm. l'he major aquifer is not 
susceptible to contamination from local sources unless poorly cased water 
wells are present that provide an avenue of contaminant· transport. 
lReferencc 1 l. 

Depth<s> from t.he ground surface to the highest seasonal level of the 
saturated zone (water table<s>J of the aquifer of concern: 

Estimate .75' to saturated zone in upper aquifer. 'Ihe top of the lower 
aquifer is about 300' below the surface. The water level in a well 
completed in the lower aquifer would rise 25-50' above the top of the 
aquifer due to i ts confined condition . . · <Reference 1 > 
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Soil type in unsaturated zone: 

Red cherty clay residual soil. <References 1, 2, 6 > 

Permeability associated with soil type: 

0.6-2.0 inches/hr. (10-J to 10-4 cm/sec.> <Reference 2) 
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Average slope of facility in percent: 

· 2-31. <Reference 3> 

· Name/description of nearest downslope surface water: 

The entire Litton site is in.ternally drained by sinkholes, which do not 
hold water except after very heavy rains. f't>st of the site drains to the · 
northwest toward the airport. Surface flow from the Litton site which 
enters the airport property is conveyed by artificial drainaaeways io a 
broad, shallow sinkhole just nort.heast of the NE-5\I runway. This sinkhole 
fills with storm water after a heavy rain, . but loses it throuah t.he bottom 

· within a day or two after the rain stops. · Fluoreseein dye placed in' this 
sinkhole after a 3" rain on August 22, 1966 traveled to \lilliam, 
Fantastic Caverns, · and BunQe SprinQS to the north-northeast. Anoth.!r 
sinkhole is iocated just east of the Litton property that. drains the 
southeast corner of the site. A dye trace has not been attempted fro11 
this sinkhole, but it is believed t .hat dye injected .there would travel to 
Ritter Yest Sprina• The Litton site is apparently near the recharae area 
boundary between \lilliams Sprina and Ritter \lest Spring. These sprinaS 
are the nearest donwsiope surface water from the. site. \lillia• and 
Ritter Spr·inQS are fairly consistent in their · flow volume, ranaing between 
1-10 cfs approximately, dependinQ on weather conditions. BUnQe Spring has 
a similarly consistent flow, althouah only one-third as large. Fantastic 
Caverns Sprina has a hiQhly variable flow, and · is apparently the "relief 
valve" spring . in the \lilliams-Fantastic-Bunee complex. Its discharge . 

· ranqes from alroost nothinQ to ~O cfs or roore. <References 4~ 5> 

Average slope of terrain betweenfacility and above-cited surface water 
body in percent.: 

Elevation of site 1280' 
Elevation of "Airport sink" 1250' 
Elevati0n of east sink 1260' 
SprinQ elevations 

a) Ritter \lest. 1125' 
b> \lilliams 1070' 
c > Fantastic Caverns · 1070' 
d > Bun&ie 1090 • 

Average slope of terrain between: 
a> Site and Airport Sink 1260-1250 = 

14000' 
bJ Site and East Sink 1280-1260 = 

600' 
c) Airport Sink and William Sprin~ 

.ct, Airport. Sink and Fantastic Sprina 

cl Airport Sink and Bunae .Sprina 

f) East Sink and Ritter \Jest. SprinQ 

<Reference 3 > 

_.l..Q_ = 0.75% 
4000 
~ 3.331. 
600 

1250-1Q70 
14ti00 

1250~1070 

14400 
1250-1090 

:: 1~ = 1 .221.. 
14ti00 

= ~ = 1 .251. 
14400 

= ·~ = 1.141. 
14000 14000 

1260-1125 = 135 :: 0.911. 
14800 14800 



Is the facility located either totally or partially iD surface veter? 

N<>. <Reference 6> 
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Is the facility . completely surrounded by areas of higher elevation? 

Yes, the entire site is internally drained by sinkholes. (Referenc:es. J, 
4. 6) 
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GENERALIZED SECTION OF GEOLOGIC FORMATIONS IN THE SPRINGFIELD AREA* 
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To prevent leakage, this red stoney soil 
should be treated with soda ash or cov­
ered with a clay pad. Both sealing meth-. 
od.s are costly and success is uncertain. 

leakage. Remedial treatment can range 
· from a water-tight rubber or plastic 
liner to a compacted, chemically treat ed · 
clay pad. 

Pinnacled bedrock and voids . may be 
encountered in deep excavations. 

Intersector trenches may be needed 
around the outsides of lagoon excava­
tions to intercept flow from perched 
water tables. 

L.\NDFILLS: Unit U1 is not favorable 
for landfills because ooils vary iii thick­
ness and are generally not thick .enough 
to provide a water-tight base and cov­
er mater1al for landfills. 

Small ponds can be constructed in Unit 
Cl. If at all possible, the pond floor 
should not P.enetrate the brown loess ial 
soil. If Unit L'l is thin and it is neces­
sary to expose the underlying red stoney 
soil m the pond floor then a pad of 
some sort will be needed ' to prevent 
leakage. A compacted clay pad con­
s isting · of a half-and-half mL'Cture of 
brown clay from t:nit L1 and red stoney 
soil can be used. Sometimes the red 
stoney soil can be sealed by applying a 
little soda ash (1 pound per 5 square 
feet) and then disking and compacting 
the surface of the treated clay. 

. RECEIVING STREAMS: Receiving 

lAGOONS: This unit is favorable for 
lagoons. Excavations should be kept to 
a minimum so that the underlying red 
stoney soil is not exposed. If the red 
stoney soil is exposed, remedial treat­
ment will . be necessary. If only small 
areas of red stoney soil are exposed 
inside the lagoons, the stoney soil can 
be over-excavated to a depth of · 24 
inches and replaced \Vith compacted 
brown clay. 

Deep excavations for lagoons require 
more costly sealing methods to prevent 

C~IT 

· Uplands with residual soil:over weath­
ered limestone (fig. 27). 

streams in this unit are dry most of 
the year. .· They are located in the up­
per reaches of watersheds .· and do not 
receive enough surface r:.inoff or re­
charge from groundwater supplies to 
maintain a year-rol1nd flow~ · 

Small wet weat.her springs . occu.r in 
. shallow gulleys In the uplands. Eal"ly­
day farmers valued these small springs 
as \vater sources for their familles and 
lh·e~tock. Shallow basins made of stone 
\vere built at the spring orifices to .hold 
water. :\Iany of these spring orifices 
are marked by large sycamo:re trees 
growing nearby. 

l:r 

TOPOGRAPHIC SETTING: Flat to 
rolling uplands with gentle to moderate 
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. si.:pes wher e L'nit Ur grades into Unit ~ 
Large karst areas; s in.klloles, caves, and 
springs are common. Because of the 
weathering characteristics of the BL'!"­
lington Limestorie, bedrock ·pinnacles 

·and residual chert boulders are OOlll.Dlll. 

UNIT THICKNESS: 1-30 feet 

SOIL: Soil developed as a residuum 
from the weathering of the underlying · 
cherty limestone. Soil mantle ranges 
from red colored clayey soil to layers 
of chert · boulders and gravel containing 
very little clay. The chert boulders 
and gravel are formed from the break­
down of chert weathered from the lime­
stone. After the solub.le carbonate por­
tion of the limestone has been altered 
to residual soil the more resistant 
chert is left ''floating" in soil. Layers 
of residual chert will often . retain bed­
ding characteristics of the bedrock, 
formirig undulatbig horizontal beds of 
chert situated between soil layers. 

Figure 27 
Unit Vr, uplands with residual soll over 
weathered limestone. 
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In some places, soil. sequences in Unit 
ur may be over 10 feet thick and con­
tain very little chert. In other places 
there will be sequences of chert boul­
ders and gravel layers 1 to 4 feet thick, 
separated by a thin layer of clay. 

KARST AREAS: The subsurface soil 
and bedrock in Urt!t Ur contain caves, 
pinnacles, and solution enlarged joints. 
Chemical weathering of bedrock by in­
filtrating surface water h~s formed a 
network of underground openings. 

Sinkholes have formed in the area when 
. the soil ·roofs of underground openings 

have gradually weakened and collapsed 
to form sinkholes on the land surface. 

. Widely scattered sinkholes are present 
over the entire unit. There are also 
areas where clusters of sinks occur, 
indicating intense karst activity in the 
bedrock. Examples of these clusters 
oecar near S{xlrtl, ~Dea, nnd the Spring ... 
field :'Yilinicipal Airport. 

BEDROCK: :\Iassive cherty limestone 
which contams large s·olution enlarged 
jotnti; and bedding · planes. Caves in 
limestone are numerous. The bedrock 
surface in this unit can be highly vari­
able due to the pinnacled surface pro­
duced by weathering. 

ENGINEERING GEOLOGY: The engl­
neering geology of the unit is affected 
by several factors: 

a. Weathering of soil :ind bedrock in 
karst areas: The effects of weathering 
on soU and bedrock in karst areas can­
not be ignored in planning for future de­
velopments. Catastrophic collapse can 



. occur beneath lakes and lagoons. Homes 
situated in sinkholes which have been 
leveled or filled can be flooded by slowly 
draining surface water •. Excavations for 
foundation footings can encounter a pin­
nacled uneven bedrock surface and so­
lution enlarged openings in the bedrock. 

Development in kar st areas can be done 
· but unusua l engineering prob.lems and 
expensive remedial treatment should be 
expected. 

Karst areas have underground orainage 
systems connected by networks of vari­
ous sized openings. Liquid pollutants 
from lagoons, treatment plant's, and 
landfills ·that enter the networks of un­
derground openings can spread rapidly . 
and contaminate groundwater in the 
karst bedrock and . affect springs and 
water wells. 

b • . Engineering features of soil: Blocky 
structure and light density. :Oluch of 
the residual clay in. this unit has a 
blocky structure . that is caused by the 
iron element in the soil acting as a 
binding agent between clay particle~. 

The cracks between small · blocks of 
clay increase the permeability of the 
soil and decrease soil density. When 
the clay dries or is exposed to air, it 
breaks down into bloch.-y sand-size 
pieces. Jn th ls state . the clay behaves 
more like a silt or sand than a clay. 

c. Chert residuum in soil: The large 
amount of chert gravel and boulders in · 
the soil increases permeabili·ty. A lay­
er of chert· gravel or a relict chert hed 
that has numerous fractures can be an 
avenue for rapid lateral movement of 
water. 

LAKES: This unit . is not favorable for 
'lakes due to the permeable nature of the 
soil and · bedrock, and the possibility of · 
a sink or cave collapse in the lake basin. 
The cost of compensating for · soil and 
bed.rock conditions would make most 
lakes too expensive to build. 

Sm all ponds of· 1 acre or less can be 
made w hold wate r if the soil exposed 
in the pond basin is -compacted by a 
sheeps foot or rubber tired roller. 
Clay should be verv moist when com-.. ~ . 

pacted. Gravel and chert beds exposed 
inside the pond basin should be removed . 
and replaced by clayey soil. 

There has been some succ.ess in sealing 
leaking ponds in the residual soil (l'nit 
Ur) by treating the soil with chemicals 
such as soda ash or trisodium poly­
phosphate. The chemical breaks down 
the blocky structure of the soil and de­
stroys the small cracks between the 
blocks. It sho.uld .be spread over the· red 
soil at the rate of 1 pound per 5 square 
feet of surface area; the surface is then 
disked and compacted. 

Ponds in this unit often behave differ~ 
ently in their ability to hold water. · One 
pond may be dry while a hm1dred yards 
away another pond may hold water, pos­
sibly because of the manner in which 
the ponds were constructed. Soil in the 
basin of a pond holding water may have 
been disked and compacted. 

L.\GOONS: To prevent leakage in la­
goons, .It may be PL'Cess::uy to ~hemically 
treat soil in the b.goon .t1oors and sides 
rJr~ if the soil contains large amounts of 
gr3\·el, the lagoons can be lined with a 
cl;iy blanket or plastic liner. 
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Deep excavations for lagoons may en~ 
counter numerous permeable chert lay­
ers and/or bedrock pinnacles r esulting 
in expens ive sealing costs." 

LANDFILLS: · Unit Ur is not favorable 
fo r landfills, especially in karst areas, 
because of permeable soil and bedrock. 
There are exceptions though such_ as the 
hilltops overlooking the Eureka Springs 
Escarpment in northern Greene County, · 
where it is possible to develop suitable 
landfills. .These hilltops are underlain 
by a -10-foot (or thicker) layer of North­
view Shale. The downward migration 
of landfill leachates is blocked by this 
relatively impermeable shale. Leach-

. ates move a long the top of the shale and 
emerge· on the hillsides where . it can 
be captured by conduit trenches and 
directed to lagoons. Landfills located 
on the hilltops require careful planning. 
Some of these areas are not i""iractical 
to use because of the rugged terrain. 

Other possible landfill sites in Unit Ur 
·.\·ould be where the residual soils are 
more than 35 feet thick. A testing and 
drilling program would be ~eeded on 

· these s ites to determine soil perme­
ability at various depths , presence of 
caves , depth to ground water , and d i­
rection of groundwater movement. En­
gineering plans should provide for 
leachate drains in bottoms of landfill · 
trenches so that the leachates can drain 
laterally to. lagoons. on the surface. 

RECEIVING STREAMS: Streams in Unlt 
Ur are in two categories: 

a. Wet weather streams: Dry most of 
the year, and flow only during wet pe­
riods. These streams are usually near 
the crest of the watershed. 

.b.. Losing streams: Lose their flow 
into the underlying permeable bedrock 
or soil. Thus pollutants entering losing 
streams can also enter openings in the 
bedrock that l.ead to caves or passage­
ways which may extend for miles. Once . 
in these passages, liquid waste may 
travel long distances contaminating the 
ground water it comes in contact with. 

:\lost losing streams (which may be lo­
cated in any segment of the watershed) . 
are tributaries to streams in Unit Vb. 

U .'HT Uc 

Cpland valleys with coHuvial soil over . 
residual soil (fig. 28). 

TOPOGRAPHIC SETTINC: Vpland v:il­
.leys with gentle sloping sides. Valleys 
have several dlffe-rent shapes which ap-
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pear to be influenced by weathering of 
the underlying bedrock and tlat topog­
rnphy. Some valleys are bowl :;;baped 
while others are long, narrow• channel-
1 ike valleys. Sides. oi the \•alleys range 
from gently sloping to almost tlat. 
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· Figure 2 .-.... T YPIClll pattern O,f soils in V.. Goss· WildflmeU·P~ anac~t/Off. 

upper part of the subsoil are relatively chert-free are well 
suited to intertilled row crops and small grain. · · 

All of the common grain, forage, and wood crops, 
including such high value trees as black walnut. grow 
well on Peridge sotls and on the Cedargap and 
Huntington soils of minor extent. Most of the soils on . 
chertY uplands and some of the soils on terraces and 
flood plains have low available water capacity. The 
remaining soils have high or moderate available water . 
capacity. The root zone of some soils is limited by the 
fragipan at a depth of 15 to 36 inches or by limestone · 
bedrock at a depth o.f less than 20 inches. Stony or very 
stony areas and areas of Rock outcrop are common. 
The main management concerns are draughtiness. the 
hazard of erosion. and flooding of the bottom lands. 
Windthrow hazard is a concern of management in 
woodland areas dominated t,y soils that have a 
moderately deep or shallow root zone. 

The. Goss. Wilderness. and Per1dge soils are suited to 
sanitary fac11tties and building Site development. Major 

· lim1tatt0ns are wetness and slope. 

2. Pembroke-Eldon-Cretdon association 
. . 

Deep; wt1/I drained and moderate"/y well.drained. gently .· 
sloping to strongly sloping soils; on uplands and tlJffaca 

This. association consists of broad upland ridges. 
narrow flood plains, and terraces (fig. 3). In places, a few 
gently sloping to moderately steep, stony and rocky· 

. areas and escarpments are adjacent to the flood plains 
and terraces. Sinkholes range from a few to many. Slope 
of the major soils ranges from 2 to 14 percent. 

This association makes up about 23 percent of 
Greene County and 2 percent of Lawrence County; or 
about 14 percent of the survey area. Pembroke soils 
make lo'P· about 25 percent of .this association. Eldon · · 
soils 20 percent, Creldon soils 18 percent, and soils of 
minor extent 37 percent. 

The Pembroke soils are· on the tops. sides; and in 
slight deP,eSSions of ridges on uplands and terraces~ . 
These soils are deep. well drained. and gently sloping. 

. They formed in residuum weathered from cnerty 
limestone and io thin loess or alluvium and thflt limestone 
residuum. Typically, the surface layer is dark brown Silt 
loam about 8 incnes thick. The subsoil to a depth ot 
about 72 inches is reddish brown and yellowish red silty 
clay loam 1n the upper part; red. mottled silty clay loam 
in the middle part;. and dark red cherty clay in the tower 
part · 

The Eldon se>Us are on convex sides and toi>s of 
.ridges on uplands. These $Oils· are deep, wetl drained. 
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and gently sloping to strongly sloping. They formed in 
residuum weathered from cherty limestone, Typically, the 
surface layer is dark brown cherty silt loam about · 1 O 
inches thick. The subsoil to a depth of 72 inches is 
reddish brown very cherty silty clay loam in the upper 
part; dark red very cherty silty Clay in the middle part; 
and dusky red clay in the lower part. 

The Cretdon soils are on the tops and sides of ridges 
on uplands. These soils are .deep, moderately well 
drained. and gently sloping. They formed in thin loess 
and residuum weathered from cher.ty limestone. 
Typically, the surface layer is very dark grayish brown s.ilt 
loam about 9 inches· thick. The subsoil above the 
fragipan is about 15 inches thick. The upper part is dark 
brown, mottled silty clay loam. and the lower part is 
grayish brown and dark grayish brown, mottled silty clay 
loam. The fragipan is mottled red. grayish brown. and 
dark gray silty clay loam and cherty silty clay loam about 
12 inches thick. The subsoil below the fragipan to a· 
depth of 67 inches is dark red cherty silty clay and 
yellowish brown and dark red cherty clay. . 

Of minor extent .in this association are Keeno. 
Cedargap. Newtonia, Lanton. Hepler, and Gerald soils. 
The gently sloping and moderately sloping, moderately 
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well drained Keeno soils; very gently sloping; we.II 
drained Newtonia soils; and nearly level, somewhat 
poorly drained Gerald soils are on ridges on up.lands. 
The nearly level, well drained and somewhat excessively 
drained Cedar gap. soils· and somewhat poorly drained 
Lanton soils are on flood plains. The nearly level, 
somewhat poorly drained Hepler soils are on low 
terraces. 

About 85 percent of the areas in this association is 
.used for grasses and legumes. Most of the remaining 
areas are used for cultivated small grain and row crops, 

· and 5 percent is in second growth woodland. The forage 
crops and most of the grain crops are fed. to beef and 
dairy cattle. Wheat and soybeans are sold as cash grain. 

Except for a few stony areas and small scattered 
areas of Rock outcrop, the soils in this association are 
well suited to grasses, legumes. and s.mall grain. The 
gently sloping soils on uplands that are relatively chert­
free in the surface layer and upper part of the subsoil 
and· soils on the wider flood plains and terraces are well 
suited to cultivated crops. · 

All of the common forage and grain crops grow well 
on Creldon and Pembroke soils and on the Newtonia, 

·Gerald, and Lanton soils of minor extent. Most of these 
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cultivated row crops is grown. Minimum tillage coupled 
with highly specialized management of row crops. small 
grain. and meadow crops grown in rotation also 
effectively control erosion. The proper utilization of crop 
residue helps maintain organic matter content and good 
tilth and increases available water. 

Grasses and legumes grown for pasture and hay 
effectively help to control erosion. Overgrazing pasture 
increases the growth of weeds and reduces the yield of 
grasses and legumes. Pasture quality and soil condition, 
as well as forage production. can be improved by proper 
!?tocking, pasture rotation. timely deferment of grazing. 
and fertilization according to soil test 

This sod is suited to building Site development and to 
most ons1te waste disposa1 systems if .proper design and 
installation procedures are used. Moderate shrink-swell 

· potential and moderate permeability are factors to be 
considered in design, Septic tank absorption fields need 
to be enlarged to 9ompensa.te for the moderate 
permeability. Community sewers. should be used· if 
available. Foundations of buildings and b~ment walls 
should be. designed and constructed with .adequate 
reinforcement .to prevent structural damage from the 
shrinking and swelling of tliis soil. This soil does not 

. have sufficient strength .to support vehicular traffic. but 
this can be corrected by adding suitabte base materiat. 
Embankments for farm pOnds or lakes are difficult to 
pack and seal. Ponds c;ommonty tail to hold water 
because of seepage or other reasons. Deep wells are 
dug in some plaCe$ .. and the water IS piped . tO livestock 
or used for other purposes. 

This Newtonia soil is in capability subclass lie. 

28-Pembroke silt toatn, 1 to 5 percent slop-. 
This deep, gently sloptng, weH drained sotl is on the tops 
and sides and in slight depressaons of ridges on uplands 
and stream terraces. Individual areas range from about 
10 acres .to sever:at hundred acres. 

Typically, the surface layer is dark brown sd1 IOam 
about 8 inches thick. The subsoil to a depth of about 72 

· inches is reddish brown and yeUowtsh red. friable silty 
clay loam 1n the upper part; red. mottled. firm Siity cJay 
loam in the middle p_,: and dark red. very firm cNtny . 
clay 1n the lower part The surface layer 1n eroded areas 
·or sPOts is brown or reddish brown Silty clay IOam. In 

· places. the subsoi.1 is cnerty in the 30~ to 40-incn zone. 
Also in · places. the upper 20 inches ot the SUbsoal is .. Sltty 
clay. Short steep slOpes. or t.er.race escarpments adjacent 
to fl()()d plains and other slope breakS have gtadMtnl ~ 
more than· 5 percent. 

Included with thisSOtf jn mappeng and making up 10 
percent of mapped areas are Cretdon and Eldon SOits. 
These sods are on poS1hons Slmtlar to tnose of the 
Pembroke so.as. The.Cretdon soets have a fragepan; 
Eldon soils are cherty and steeper. 

This Pembroke sod is moderately permeable, runoff is 
medium . . and avallal)le water capacity IS high. The shrink· 
swell potent1at at . a depth of more than 30 to so iriches 
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is moderate. The response to SOil amendments is very 
good. ·· 

Most are.as of this soil are in cropland and 
pasturetand, A large acreage is used for dwellings or 

· other urban development. Moderate susceptibility to 
erosion is a concern of management it this soil is used 
for cultivated crops. If row crops dominate the crop 
sequence, grassed waterways and field terraces are 
commonly used to help controt etQSiOn. In rota~ns that 
include smau grain and riiead<>W. rTiinimum tillage 
combined . with other highly specialized management 
practices ettectivety control erosion. The pr()per use of 
residue helps maintain good blth and increase attaitable 
water. 

Grasses and legumes grown tor hay and pasture 
ettectivety and economicaUy help· to control erosioA. 
Overgrazing increases the growth of weedS. reduces the 

·yield of grasses and leg(unes, and increases surface 
runoff. Proper stOcking rates, pasture ratation. and the 
. timety deferment of gr~ along with. fertilization as 
needed improve pasture ~ity and forage ,productio.n. 

This sotl is suited to trees. ·The trees can be grown tor 
building .mai8rial, fuet, Shade. ·~ cir other uses. 
.Both hardwoodS and coriifers thrive, and conoems in 
management are few and· easy to remedy . 

This soil is suited to building Site development and to 
most Onsite waste ~ systems if proper design.and · 
installation ~ are uSed. Mederate shrink-swell 
potential at a deptn· of 30 to 40 inches is the main· factor 
to be corlSO!red in the design ot t>ueldinqs. COmmunity 
sewers shOutd be used if avaffable. Foundations of 
budding$ and 'baHment·walls Should be designed and 
constructed wtth adequate reitrioreement to ptevent 
structural damage caused by· shnnking· and swelling of 
this SOit. This soit does not ·have· 5utti0ent strength to 
support vehlculi!r traffic. but un. can be overcome by 
adding suttabte base materiai~ Embankments tor farm 
ponds or Jakes are ditficuft to pack and seat. Ponds 
commonJy tall to hold water because of seepage or 
other reasons. Deep welts are oug. 1n ptaees. and the 
water is p1peci to livestock or used 'or o.ttlef. purpoys. 

This Pembroke soil is in c~belity $Ubc1asa lie and · 
. woodland SullabfJjty subclass Jo. 

30-Eldon. cherty.lill ....... ,5 to 1• ,percent..,.., 
This. deep, moderatety sloplllg and str.ongty ~ weJt, 
drair1ed soil is . on the convex. sides aM the tops Of 
r!<iges on uptands. lndivtduat areas range from about 10 
.icres to 100 acres or mQre. Many areas have a_,tew to 
nume.rous Slf'lkholes. and ·some areas·h3'1e a few stones 
on the surface~ · 

·rypicatty, :the surface layer 15 d.vk brown ctwtty !Nit 
loam about 10 inches thick tfig, 10). The ·SUl>SC>lt t9 a 
depth of about 72 _inches is reddish brown. k iat>te .and . 
fwm very cnet1y s.Jty . clay .loam in. the uo.C>ef pan; ·~ · 
red,, fifm .very chedy sMy ctay in the mddle patt: and 
duSk.y red, very fittn clay in the lower part. In pJaces, ttftl 

. surface layer is less than 6 inche:S thick. °' 11 is brown. 



3 reene and Lawrence Counties. Missoun 

The clay content of the upper part of the subsoil 
averages less than 35 percent in places. Side slopes 
near the low perimeter of some areas. especially the 
side slopes of sinkholes. have scarped edges and slope 
of more than 14 percent; some of these areas have 

· · bedrock at a depth of 40 to 60 inches. Also, some small 
areas are stony. · 

Included with this soil in mapping and making up as 
much as 5 percent of mapped areas are. Keeno, Cretdon, 

. Gasconade. and Pembroke soils. Small areas of Rock 
outcrop are also included. The Creldon and Keeno soils 
have a fragipan and are on ridgetops. The shallow . 
Gasconade soils are on the slope breaks. and Rock 
outcrop is on slope breaks and side slopes ()f sinkholes. 
The Pembroke soils do not have chert and are in gently 
sloping areas. 

FiglJr• 10.-Pro!t• 01 EtdOa crwry s:lt JcMm. 5 to t4 
~_,,,. Sl«l"; · Not• t!W· d«tW lft clWf 
co"'""' .in rrr. .~ Plllf OI tflftl subO. 
ae,,ms 1r• snc.n .. '" ffltil. 
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This Eldon soil is moderately permeable .. runoff is 
medium. and available water capacity is I.ow. The shrink­
swell potential is moderate. The response to soil 
amendments is good. . 

Most areas of this soil are in pastureland and hayland. 
The soil is suited to grasses. alfalfa or other legumes, 
and small grain forage. It is suited to grain crops if 
erosion is controlled. The moderately sloping areas of 
this soil are suitable for soybeans. sorghums, or corn if 
these crops are grown in rotations that include several 
years of pasture or hay crops. The proper use of crop 
residue and cover crops and green manure crops in t.he 
cropping sequence help maintain the organic matter 
content, provide good tilth, and increase available water: 
Terraces, grass8d waterways. minimum tillage, and 
farming on the contour help to control erosion and retard 
runoff. · · 

Gras5es and legumes grown for hay and pasture 
effectively control erosion. Tiiiage operations should be 
restricted to stand establishment, renovation, and 
·reseeding. New stands need to be seeded early to 
insure gOOd ground cover. Nurse crops of small grain 
help provide cover for seed1ngs late in fall, Overgrazing 
pasture reduces the yield of grasses and legumes and 
increases ·the growth of weeds. Pasture quality, soil 
condition. and forage production can be improved by 
proper fertilization. controlled stocking re1tes. pasture 
rotation, and timely deferment of grazing. Weedy areas 
should be clipped in June and August. Chemical sprays 
help control broad-leaved weeds. 

This soil is suited to building site development and to 
SC)me onsite waste disposal systems if proper design 
and instalJation .procedures are used. Factors to be 
considered are slope of more than 8 percent. moderate 
shrink-swell potential in the clayey subsoil, and chert and 
a few stones on the surface. Septic tank abSorption 
ftelds should b9 enlarged to compensate tor the 
mOderate permeability in this soil. Slope can · be modified 
by grading for sewage lagOOM. Community sewers 
should be used if available. Structural damage to 
basement walls and· foundations of buildings, caused by 
shrinking and swelling in this soil, can· be prevented if the 
base"*'t walls and foundations are prQperty designed · 
and constructed with adequate reinforcement. Local 
;oads and streets should have suitable base material 

· and be property drained by side ditches and culverts to 
prevent damage from shrinking and swelltng and frost 
actiOn. Embankmentsfor farm ponds and sewage 
lagoons are very diffieult to oack and seal. Because th9 
timest0ne residuum under the soils in this unit is thin, 
parous. and transmits water freely, farm ponds must be 

. ·property constructed to insure that water w.ill be retained 
( 12). PoroS1ty and permeability of this soil can oe . 
reduced by use of compact1()n equipment, artificial 
sealaf'ts. and dettocculat1ng agents. 

This Eldon SOii is in capability subclass IVs. 

SC-WMdet'ne• Cherly lilt IOam, 2 to 9 percent 
...,..... This deep. gently sloping and moderately 
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Available water capacity is high in the Freeburg soils and 
moderate 1n the Alsup soils; A perched water table is at 
a depth of .1 .5 to 4 feet from November to May in most 
years. The shrink,swell potential is high in the Alsup soils 
and moderate in . the Freeburg soils. The response to soil 
amendments is good. 

Most areas of these soils are in cropland or 
pastureland. Some areas are in woodland. A small 
acreage is used for small grain and row crops. These 
soils are suited to grasses and legumes. Concerns of 
management are the high susceotibility to erosiort arid 
wetness. Also of concern is occasional flooding in some 
areas of gently slooing Freeburg soils from April to July if 
they are cropped. Surface runoff from wooded or grass. 
covered adjoining upland can be controlled by diversion 
terraces. Grass waterways. land smoothing, field 
terraces. and minimum tillage help to control erosion. 
The proper utilization of crop resi.due provides good tilth, 
maintains the organic matter content, and increases 
available water. 

Grasses. and legumes grown for pasture and hay 
effectively control erosion. Tillage operations should be 
restricted to stand establishment, renovation. and 
reseeding. New stands need to be seeded early to 
establish good ground cover before the end of the 

. growing season. Nurse crops of small grain provide fair 
to good fall and winter cover for late seedings. · 
Overgrazing or grazing when these soils are wet reduces 
the stand of grasses and legumes. increases the growth 
of weeds, and causes poor tilth and compaction. 
Restricting the use of pasture in wet periods. fertilization 
as needed, proper stocking rates, pasture rotation, and 
timely deferment of grazing improve plant production, 
pasture quality, and soii condition. · 

. These Freeburg and Alsup soils are suited to trees. 
and stands of hardwoods are 1n some areas. Concerns 
of management are few and easy to rem~. The growth 
ra e is good. The production and. quality can be improved 
by the removal of undesirable trees. selective cutting, 
protection from fire, and controlled grazing. 

These soils are generally not suited to building site 
development and onsite ·waste disposai in areas that ar.e 
subject to occasional flooding. Onsite investigation and 
previous flooding history are needed to determine 
whether the area is free from flooding o.r subject to 
flooding. In areas that are protected or free from 
flooding. factors to consider in the design of structures 
are wetness. high shrink-swell potential. and moderately 
slow permeability. Slope is a concem for sewage 
lagoons. Areas subject to surface r•Jnoff from adjacent 
areas can be protected with diversion terraces. Properly 
constructed sewage lagoons function.adequately if 
protected from flooding, the bottom of the lagoon is 
sealed to prevent pollution ct .the ground water, and the 
site is graded to modify the slope. Community sewers 
should be used if available. The footings. foundations, 
and basement walls of buildings need to be designed 
and constructed with adequate reinforcement to prevent 
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structural damage from shrinking and swelling of the soil 
Drain tiles help prevent damage from excessive wetness. 

. Local roads and streets should be graded to shed water 
and side ditches and culverts constructed to IOwer the 
water table and prevent damage cauSed by frost action 
and shrinking and swelling. Suitable base material needs 
to be added to overcome low strength. · 

These soils are in capability subclass Ille; woodland 
capability subclass· is 3o for Freeburg soils a.net 4o tor 

. Alsup soils. · 

338-Keeno •nd Eldon .cherty silt loam&, 2 ·IO 5 
percent slopes. This map· unit consists of deep, gently 
sloping, moderately well drained Keeno soils and welt 
drained Eldon soils on the convex tops and side slopes 
of ridges on uplands. The Keeno soils . are at a higher 
elevation and dominantly have slope of 2 or 3 percent; 
the Eldon soils are at a lower etevation·.anc:t mainly have 
slope of 4 or 5 percent The extent of Keena and Eldon 
soils in individual areas varies wid8ty from place to place; 

. in. some areas only one of these soils is present. 
Generally, areas are about 40 percent Keeno sails and 
30 percent Eldon. soils. Individual. areas are. irregula( in 
shape and range from about 1 O acres to 100 acres 01 

. more. Most areas have a few to many. sinkholes. in 
some areas. a few stones are on the sUrface . 

·Typically. the sUrface layer of the Keeno sOil in thiS 
unit is dark brown ChertY silt loam about 11 inches thiCk. . 
The subsoil above the tragipan is reddish btown and 
aP<>ut t7 inches thick. The upper part is friable very . . 
cherty silt loam. and the lower part is friable very cherty 
silty clay loam. The fragipan is about 11 inches thick. It 
is mottled, multicolored very Cherty silt loam overlying 
very cherty silty clay loam. The subsoil below the · 
fragipan to a depth of 60 if\Ch9s is dark red .• mottled. .· 
very firm cherty clay. rn some places, the fragipan Is 
intermittent or very weakly developed. Side slopes haVe· 
gradient of more than 5 percent in some ptaces. 
. Typically, the surface layer of the Eldon soil in 1his·unit 

is dark brown cherty silt toar.n about 8 inches thick. The 
subsoil to a depth of about 72 inches is brown. triable 
cherty Silty clay loam in the ups;>er part, red, mottled. firm · 
very cherty silty clay loam .in the middle part, and da_rk 

. req and dusky red, very firm very cherty clay over cherty 
clay . in the lower part. In places.· the dark surface. layer is 
less tnan 6 inches.thick or: is brown. lnplaces. the 
average clay content in the upper part of the subsoil iS 
less than 35 percent. The depth tC> bedrock is 40 to 60 
inches on some hilltop knolls and low side slopes. The 
sides of some sinkholes have rock-scarped edges or 
slope of more than 5 pe•cent. or t>oth of these. 

Ir.eluded with these soils in mapping and making up as 
much as 1 O percent of mapped areas are Pembroke 
soils; making up as much as 5 percent are Creldon. 
Gasconade, and Hoberg soils and Rock Outcrop. The 
Creldon and Hoberg soils are on the tops of broad · 
ridges at a relatively high elevation. The Pembroke soits 

. are adjacent to drainageways and in slight . depressions 
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on the taps and foot slopes of ridges. The shallow 
Gasconade soils and Rock outcrop are on slope breaks. 
Creldon and Hoberg so11s have a fragipan: Hoberg and 
Pembroke soils have less chert in the upper part of the . 
subsoil than the major soils. . 

Permeability in the KeenQ soils is moderately rapid 
above the fragipan and slow in the tragipari. The Eldon 
soils are moderately. peirmeable. The a"iadable water · 
capacity is low, and surface runoff is medium for both 
soils. The Keena soils have a perched water table at a 
depth of 2.5 to 4.0 feet from Oecember thrC>ugh March in. 
most years and have a limited root zone because of a 
fragipan at a depth of 18 to 36 inches. The Eldon soils 
have moderate shrink-swell potential.- The response to 
soil amendments is good in both soils. · 

Most areas of these soils are in pastureland and 
haytand. S<>me areas are in. cropland. These soils are ·. 
suited to small grain. grasses. and legumes as grain and 
forage crops. Soybeans. sorghums. or c0m can be 
grown safely if erosion is controlled. Ero$0n ~ be 
controlled in row crops by inclUding severat years of 
pasture or hay in the crop rotation. The· proper use of 
crop residue and including cover crops and green 
manure crops in the cropping system Nip to maintain 
organic matter content, provide good tilth, and increase 
available water. Terraces. grassed waterwavs. minimum 
tillage. and farming on . the comour tw:tlp to control 
erosion and retard runoff. · 

Grasses and legumes grown for hay and ·pasiure . · 
effectively control erosion. Overgrazing pasture reduces 
the forage yieid and increases the groWth of weeds. 
Plant production. forage.quaJity, and soil condition can 
be improved by proper . fertilization, controlled stoCking 
rates. pasture rotation, timely deferment of grazing. and 
the use of gOQd management. 

These . soll.s. are .suited to building site devetopment 
and to some onsite waste disposal systems. Wetness 
and restricted permeability in the Keeno soils. moderate 
shrinking and swelling in the Elde>n subSoif, and the chert 
content and stones on the surface in both soils are 
factors to be considered in thedeSign of dwellings and 
sanitary facilities. Increasing the thickness of the 
absorption field by property constructing a mound of 
desirable material helps make tne Keeno soils .,;table 
for septic tank absorptiOn fields (3). In Eldon soils the 
absorption field needs to be enlarged to .compensate for 
the moderate permeability. Community sewers should be 
used i.f availlble. :Structural damage to basement walls 
and foundations of buildings be.Cause of. modetate · · 
shrinking and swetltng of the sotl can be prevented by 
proper design and the use of adequate reinforcement in 
structures. Grading tocai roads and streets and·property 
dra1ntng them with .side ditches and culverts help prevent 
damage from frost action.and shrinking and swelling. 
Because tne hmestone residuum under the SOtfS 1n chis 
unit is thin and porous and transmets water frffly. farm 
ponds must be properly constructed to insure that water 
will be retained ( 12). Compaction equipment, artificial . 

Soil ·survey 

sealants. and. detlocculating agents can· be used to 
reduce the porosity and· permeability of these sail$. 

These Keeno and Eldon soils are in. capability 
subclass Ws. · 

35D CJatkaville.ifiu cMrtr lilt loema, 5 to 14· 
percent _,... This map unit consists of deep, . 
~tely sk>ping and ·StronQly sloping, . sorneMlal . 
excessivety drained .~ soils and. moderately 
sloping. moderately we11 drained Nixa soils on the sides. 
and tops of ridges on uPlands. ClarksvtJle soils dominate 
. the side slopes at a relatively IOwet elevation, and' Nixa 
soits dominate the ridgetop$. Generatty, ·areas are ~ 

. 60 percent ~sville· soils and 20 percent ,.. soils. 
Individual areas .range from about 20 acres to severm 
hundred acres. Large areas ·are dUlcted by many 

. upland drainagaways, narrow floOd plains, and terraces. 
· Some areas have rock-scarped edges ~· to · 

stream bottoms and terraces. 
Typically, the surface layer of the ClarbWle ioil is 

very dalk ·grayish brown cneny litt loam abOut 4 inchel· . 
·thick. The subsurface layer is ~1Ho¥Mh .brown a.ty .lilt 
IOam about 5 inches thick. The subsOil to a depdl of 72 
inches is brown. frjaDHt Wily dwty .. 'IOam in - ·&.A* 
part; strong brown. ·mOtded. firm very cherty .sitty a.y 
toam· in the middle par1: and ctn rad. mottled. very firm 

. very cherty day in the IOwei' J*l EscarJ>mentS. ·breakt. 
and some tower side .,..__ haV9 adient Of ·· · ...,;..;.. . . . - .. ~- moreu-· 
14 percent. Parts of some •eas are stony. 

Typically, the swtace layer of the Noca soil is: very -"· 
grayish brown cherty 5'ft loam about 4 inches thick. The . 
subsurface layer IS_ graylSh Drown vefY· CNflY Sdt io_.. 

. about 4 inches thick. The subsoil above the ·fragipan· is 
yellowish brown. friatM Yet'/ dMtrtY sill ·loam about 11 
inches thick. The next~. immediately above the 
fragipM. is brown. friaDle v.y· ctwty. slft loam 3 ;ncns 
thick. The fragipM is reddish brown and V:.llowilh browft. 
moltted. firm very ctMtny :silty day .felm .-,. 15 R:Ma 
thick. The •lblOd betQw me ~· io a ~· Of 12· 
incheS is dark red and· dusky red. mottled. Y.,Y firm Vf///'Y 
cherty clay. In a few are• slOpe is :ieu than 5 percent 
Some. areas are stony, aAd a few .... ~ bedrock at 
a depth of ~ than 60 ·inches • have ·rnQ(e ~ in · 
the lowei l*t of the ~· than rJPieal, 

lnclUded •lh .these son in mapping and making up .5 
to 10 percent of m.appect areas are Gou and Vifaton 
sods and RO(:k OUtcrOP. The GOss sods have more. Clay 
than the major :sods and are Qn the tops of r~ The 
Viraton SOiJS have more Slh and less chert in the ·upper 
pan of the suoso.M and are on the .tot> and upper Slide 
si""5 of ridges. Rock outcrop rs on the sAOPe· breaks. 

Permeability is .moderately rapid in the Ctalksv.1lle ~ 
and very stow in tne NiXa solfs. The avadabfe w.ater . 
capacity is· 1ow. and runoff is ·medium in both ·sods; A 
tragipan is at a depth ot 12 to 24 inches :n the Niu 
soils. :rt\e fraQiPan . ltmlti the root zone. The r9$POAS8 to 

· soil amendments IA tne C1arksv11Ut .SQlls IS good bUt is 
only fair in the Ni•a soils. · . 
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TABLE 16.--PHY~tCAL AND .CHEMICAL PROPERTIES OF THE SOILS 

symbol < ·11eans. less t.han ; > rae1n.s :!lore than. E.ntrles .under •Erosion tactors--T• apply to the entire 
profile. Entries under " ;find eroditiilit.y group" and •organic •att·er• apply only to the surrace .layer. 
Ab~ence · or an entry indicates that data were not available oi" ~•r• not estimated) 

t I I I ' • . I I t 

Soil RHe and 
aap symbol 

:Depth:c10 l 
<2••l 

Moist 
!'Hilk . 

dens it 

lPeraeab1Utyllu1labl•l Soil lShrl·nk-aweU :_· ......--...~-
: · : water lrelicttonl pote.ntial : 
: : ca acit IC T 

.": ~ : ~ . 2.....!. 
1 · I · I t 

-Y,1s---------~-,----: 0-10: 10-21l: 1 .10-1.55 : 
l•wt;on1a : 10-21: 20-35: 1.110-1.10 : 

: 21-21:21-35: 1.45-1.70: 
: 27-51t!32-115:1.]5•1.65: 
: si.-12: 12-1t5 : 1.35 .. 1.65: 
t I I t 
t I I t "JS--------------: 0-9 : 12-27: 1. 10-1. 30: 

,.,_~ -i•broke : !-116: 27-35: 1. 20-1. 40: 
~· :ia6,-12;1to-10:1.110-1.60! 
.. :"" t I t "':3D--------------: IJ-10: 1-21:1.20-1.110: 
• Eldon :10~31:1s-so:1.110-1.50: 

. "°,:"1'. : 11-12: 35 .. 50: 1.ito ... 1 ,55: 
I I I I 

...,.. t t t I 

:;;-: sc--------------- : ') .. 10: 1 S.-27: 1 • 20-1 • 45: 
'~/ VUderness : 10-2 t : 25-35 : 1 • 30-1 . 50 : 
~ :z1-s6:20-15:1.10- 2.oo: 

: ss-n;!ao-10:1 . 5~-1.10 : . . . 
~ · I I I ,.,11--------·------: 0-9 : 15.;.25: 1 .• 20-.1 .so: 

~.- Creldon : ?;.2u:3s-11s : 1.30-1.;J: 
§ : : 2:4-36 : 25 .. 35:1.50 ... 1.n : 
:;.,~ : )6-67 : 35-70:1 . 10-1. :0 0l 
... ~:. : 
:£·~ 91-------·--··---: 0-7 : 15•25: 1 ~30-L50: 
... < 1eedl•Y• : 1-21: 25-35: 1.50-1.n: 

... :c:.·· : 21-29 ; 25•3'5: 1.30-1 . :;o: 
,ij;).. . . : 29-39:20-30:1.10-1.40: 
,,. ::,· : ~ a-;2:uo.;.75:1.10 .. 1.;io: 

. ·~:--.~ . . .. . . . 
~~,_. ,.., t I 1 . I 

·~~;. ,. ta------;. ________ ; 0-12: 15-25: 1. 20-1. so: 
.'ii~: l•do ! ;2-16! 30 .. 110: 1.30.;.1 ·? ~ : 
~- . ·5- 23 .3'5-55. 1. 30-1..,J' 
~~~,,. . · ; a -si : 2s .. 35: 1.so-1.10: 
~,. . : 51-76: 35-701, .J0-1.60: 

1-._. . : .. -: ·; : 
: .~: 1'11----~--------- . 0- ~ ~: 2'5-35: 1 • 30-1. '50 : 
· •.• ,.. S111pse1 . lJ-c':l,]!l-149,1.140·1.60 , 
~ ,:#- • • t t I 

·.1f,:: : t61-------------- o-11: 10- ~oi 1 . 1ao-1 . s5 i 
;;;;.~. lareo 11 .. 3'7: 1a-35 : 1 .rtQ-1 . 60: 
.i f"· . 37-60: --- : --- : 
'~~:-.. . : 
Jr; 218-------------- 0-9 : 10.20: '.25-1 .14 5 : 

-~ P.ertd1e 9~1l.5l20-J4:1.25-1. i05: 
·~ . • 115-72: rt0-60: '. 15,.,.35: 
•J, "":' I I I t 

•"' • ~ I ·I_ I 

~ 238-------------- : 0-11:12-1~: 1.2 0-1. ~ 5; . 
, .:· . loliv.ar ; 11.32 : 20-3'5: 1 • .30-f.50 : 

.. ::"- I I .l I 

2•-------------;..- : 0- u: 15-25: 1 . 30-1. 5 J; 
: ~2--60 .: -~·. : 

. • 
. ~:~ .. 

P•rsons : 1~-66:35-601 1.40-1.70: ;:, : : _, 26oe ... __ ;.. ________ : 0-10 : 5-2o:r. 30-1. 6s: 
~~ Coll i.nsvil l e : 1, .. 13; 5-:!il! 1.3'J-.1.o5 : i' ,... ___________ ,_, ;~t i;.:::. : t .,:::, .• ; 
I
. : ' lff•

5

ti•o•r t J : --- : 

' footnote at '"d or tiibl•. 
l('; .. 
·~..,. 
.. ;~,. 
/;) ... 

. .,;;: .......... 
··..:~. 

1).6-2.0 
0.6-2.0 
1).6-2 . 0 
0.6-2.0 

. 0.6-2.0 

0.6-2.0 
0.6-2.0 
0.6-2.0 

2.0-6.0 
. 0 •. 6-2.0 
0.6-2.0 

2.0-s.o 
0 .6-2.0 

0.06-0.2 
0.2-0.6 

0.6-2.0 
0 .1)-2.0 

:J. 06..;a. 2 
o .s-2.0 

0.6-2.0 
1).2-0.6 
a.2-0.6 

0.06-0.2 
a.2-0.6 

'-2-0.6 
9 .06-0.2 
0.06-0.2 

<0.06 
0.06-0.2 

0.2-0.6 
0.0~~0.2 

?. 0-6.5 
0 .6-2 •. 0 

0 .6-2.0 
0.6-2.0 
a.6-2.0 

2 .•. 0-6 .il 
0.6-2 .0 

!).6-2.0 
<0 . 06 

2 . 0-.6 . 0 
2 . 0-6.a 

2.0-6.0 

• . 
I I 

I . 

• .. 
: o. 15 .. 0 .21t: 5 .6-6 .5 : Low----------: o. 3n 
: 0 .16-0 .22: 5 .1-6.5 : Moderate-----: o. 37: 
; o. 1a-0.22:5.1-6.0 : !'toderate-----: o. 32: 
: 0. 12-0 .20: 5 .1-6.·3 ·: 11l&h--------.. : 0. 32: 
: 0.12-0 . 20:; .1-7 .3 : iU&ll-----·--•: O. 32l . ' I . I 

: o .1a-o.23 :' .5-6.o 
:0.1,-0.19:,.s-6.o 
! 0 •. 12-0. Hl! '.5-6 .O 
' . 
:o.i1-o.1ar5.1-6.o 
:~.03-0.oa:,~5-6.o 
:0.10-0.1,ts.1-6.5 . . .. 
I t 

.. . . . 
t · I I . 

:Lov~-,--•-----:0.32; 
:Lov----•-----:0.32: 
: .Moderate-----: 0. 32 l 
I I 
0 I 

:·Low--·-··-----: 0. 2•: 
l Moderate • .:---: o .• nJ 
: !toderat.•-,---,- IO. 2' I . . 

5 

' 
2 

. :~.01-0.12:,.s-1.1 
:?.03-o.1~:11.5-6.o 

:'.5-6.o 
:'. s-6.o 

: Low-------····; 0. 21: . 2 
: ·Lov•-~----·--·-: o .• 29: 

. 
I 

:0~22-0.2':'.5-T-J 
:0.12-0.11:•.S-6.S 
:0 .01-0.111:3.6~5.0 
:o.os-0.10:1.6-6.0 . . . ' : 0 .15-0. 19 :,, • 5-7. 3 
: ~ .12-0. 16: 3.6-5.5 
!O.Oa-0.12:1.6-5.o 
:0.01-1).05:3.6-6.0 
:o.01-o.oa:1.6-6.o . . 
• • 
: 0. 22 • . 0 .211: 3 .6-6 .o 
:0.12-0.11~ 1.s-5.5 
: o.09.o.11t3.6-5.5 
:Q.01-:>.10:3.s-s.; 
:o.os-0.1013.6.-6.0 . . . . ' 
:o.21-0~2•t5.6-T . J 
:•.11-0.11 :5 . 6-f.a . 

I 

: Low~--•------: 10. 28: 
lMoclerat•---:0.21: 
• . t • 

t • -· 
: ·Low------~~ : ~o. ·11: 
:t.0.-.---------- : 0.37: 
: .LOV•·•••••·••••: Q.,. 37·: 
: Moder at•---- : o. 31 : . . . . . .. . 
: Lo-.-------- .: 0 •. 31.: 
.: Low--------~ : 0. 31: 
: Low---~-----: 0 .. 11.: 
:t.ov---------- : o .2s: 
; !'toderat•---- : o •. 2a: 
I I • . . . 
f L·OW-·•-~···-- t 0. •]: 
: Mo4erate---: 0 .• J.: 
: !4t(ll---------: 0. 1'1: 
: l'ioder~.t•---~- t .o. - 3: 
:. Moclerate----: o. • 3: 
; . : :· 
:!'toderath----:a.37: 
:· HlP--·-------.. : Q. ]7: . . . 
t • ' 

: 0 . 1'5-.0•19 f '5. t-6 . 5 l LOW••••~·-·--- : :). 28: 
! I). 12;..0 . i6 P6 .5_-6. 5 : Mo1.rate---•• i 0 •. 29: 

-·------------· ! -----; . ' I ., 

' 

.. 

It 

J 

• 

: (). 15-1}. z,.: • .s-6 .5 :t.0111---------·: o ~ n: s 
: o ~ 1a-o.22: •. 5·6 . , ; Lolil-'-----·-·- : o. 32: 
: 0.09-0. ~ S: '·'5·6 . O ,! Moder,•te----- : .0 .2•: . . .. 
I I I 

: o . 1~-o.1s:s.1-6.~ 
: 0 . 12-0. 16:11.,-6.0 . . . 
:o.1~-o .at t5.1-1.1 
; 'l . n-0.22 : ;.1-7 . !J . . 
: o . 12-0.16:'5. l-6.'i 
: o. o~-o . 13:s.1-5 . 5 

- -~- i ·--., . 
' I 

; ~.13~0. 1 & :5.;-~. 5 

! Low-------~~- : o.24 : 
I ltoder n•----- : I:). 3., .• . -· . - ' . . . --------------. ---·. . . • . . . 
: - L~lll-•<11!!•-------· : n'.4J: 
: N llh·-~-----~ 1 0 . ~ J: 

:t·ow-~---:.. ...... : o. 32: 
: L~.w----·,~-~----- : ·Q .• 2:0-: . 
---·------~-~--

. . 
' ' ---- , I . 
' . 

·• LOw-.. .P••.•·• . ..,••• ·: iJ . 2:,t.; . ' . I 
I --.-------------I---·-f . . , 

• 
II 

2 

2 

.; 

.. 
• • ' . ., 

. . . 
' ' 

.. 
• • I 

: 

; 

.6 

8 

8 

5 

6 

s 

... 
J . 

] 

s 

] 

8 

.. 
I 

• ,. 

. ., 
' ' . 
' 

. , . 

. 
I 

•· 
' 

. .•· • .. 

. .. 

1~l 

2-l 

.5.2 

1-3 

.5, .. 2 

; 5.-2 

3·' 
1.3 

.5-2 

• 5;_ 1 

1-2 

<2 
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_TABLE 16 .... ·PHYSICAL HD CHEMICAL PROPERTIES OF THE SOit.S--Continued 

t I . . ., : . '! . Erosion; Wind : 
sou na .. . and ID•ptta l Chy : Motst : Peri1eabllityl Available: Soll : Sbrinie-s11ell · : tactors.:erodt-:Or1a.ntc 

: l ~•t•r :reaction: potential , lblll~y: m•tter ••P sy•ltol : <2a: bulk 
j : density 
I tn fu : Gte!ll'.J 
.- I t 
I I t I 

3oc-----------: 0-11: 15-25: 1.30..:1 . ~o: 
leHO . .. . l 17·30l25·35l 1.50·1. 80 l 

: 30-•5: 25-35.: 1. 60-1 • 90.: 
:1;5.12:•0-80:1.10-1 . 110: 

I I . . t 

• • • 
32C-: : : : 
F'r .. 1tur1-------: 0-10: 12-25: 1.20-1 .45 : 

:10-13:21-3511.•o-1.so: 
: 13-Jll; 27-35: 1 .ll0-1 .so: 
: 1•-12:21-32:1.35-1.50~ 
t • • • 
f I 1 t 

&lsu,--•-------: o-6 :20-30:1 . 20-1.so: 
: s-10:35.45:1.20-1.so: 
:10-33;35.50:1.30-1.so: 
: ]j-6'0: 35-50: 1 .l&0-1 .10: 
I I t ' t ' . . :. 

33af: : . : 
1 .. no------~---: 0-11:15-25:1.30-1 .60: 

: 11-21: 25-35: 1. 50-1 • ao: 
: 21~11: 2s-1s: 1 .so-1 .90: 
139.60: t0-ao: 1.10-1 .•o: . . . . . 
• • t l 

Eldoa---------: o .. a : 1-21: .1 • 2'-1 • •o: 
: a-1tn~-so:1.l40-1.so: 
:19-12:1s-so:1.•o-1.ss: 

. . . 
·' 350•: : 

ClarlCs•lU•-----: 0-13: lll-20 ; 1.30-1.60: 
·:r3.3~ :23 ... 35 : r. ao-1 ~ ~s 1 
: 30-72 : 110-75: 1.. :0,0-1 .• so: 
t I ' I 

!ltu-~-------- : o.:IJ ; 5.21;: '. 30-1 • .so i 
. ; ~-22: 20·35 l 1 .]O-l. 51) l 
; 22-17 !-20-35 : 1 . ll 0-1~80 : 
: 31-12: 30•50! 1.3~-1 .-.5 : 
' . . . . ; •OE------------: ~-8 : 20-30: 1 •. 20-1 . 50: 

llaup : 3_19:35.~5:1.30.1.i;,: 

: 1 ~-3• : 35-50!1.30-t.50;. 
: 1oa-•~:35.50:1.110-1.10: 
: •S-60 :· --• :.. : . . ' . 
t I I I 

lllD--------------: 0-9: T-2T:t.10-1.30: 
GoH : 5-2~: 23;.30: 1 .10-1 . . n: 

: 20-12: 35.&o : 1.10-1 .~e: 
I . ., .. . . 

Go••------~----,.-: o-•: 1-21 : 1 . 10-1. ~o: 
•-9 :20-10 : 1.10-1.30: 

• 9-60:1s-60:1.30-1.so: 
t t I I 

GascQnMe------: 0-11: 1s;.~o: 1. 1s-1.so: 
11 ; --- ; · -- : . . 

I f •SE------;.. ............ ; 0-16 : " •-20 n • 10-1 • 60: 
Clarknllle : 16-IS; 29· 35: 1 .40-t .6S : 

: ~s-12: •o ... ?s ~ t . 40 .. ·1 .ao: 
I I I • · 
I t I i 

~oc------·-·--~---: a.-6 : 5.25_:·1 . -10--1 - . ~o: 
u.. : 6-1.s:20-1s: 1. 30 .. 1 .6l: 

: 1s ... •1:n.3s:, .•0-1.~·J : 
: iU-1?: lll-50 : ! . 30.1 .~i;: 
:· . I : . 

? . o-s.o 
2 . :)-6.0 

0.06-0 . 2 
0 ~ 6-2.0 

0.6-2.0 
!l .6-2 . 0 
'l.2-0.~ 
0.2.-tJ.S 

0.6-2.0 . 
0.2-0.6 
0.2-0.6 

. 0 .2·-o . 5 

2.0-6.0 
2.0-6.0 

0.06-0.2 
0.6-2.0 

2.~-6.0 
1>.s-2.0 
0.6-.2~0 

2.0-6.0 
2. 1-5 .0 
Z.:l-6~0 

'1 .5-?.·J 
·J .2-0.6. 

( .,.06 
<:J . 06 

·) .~-2.0 
') . 2- iJ .5 
0. 2-0.5 
') .2-il.6 ---
2 . ll-6.1 
2.0-~ .a 
~. e -2 .o · 

z. o-~.o 
2 .0-6 , 0· 
0.6-2 .• 0 

0.6-i.J. ·--
z.o-~ .. o 
2.~-6.'l 
? .• il-6 .o 

o . 'l - 2 . 0 
•J .i,..1>.S 
( ').~6 

.:o . 05 

: e•e•clty : : !t . j r :1roup : 
: .n/ in : RH : · , I - 'i P £ 
.- . • J ,..:!.... 

. t · t I t . · J 

: t> .06-0. 15 ;;1 ~ 5-7.3 : Low--------- : o. 21t: • 1 
: 0 .02•0 .10: l· ~-5 .5 . . : Low ..... .., ....... : 0.'211; 
: o .01-0.os:1. 6•5 .5 : Low:. ............ ,_:_ o.2•: 
: 0.011-0. 10: 3 .6-5. 5 : Moder•~•---··· Io .21t: . . .. 

• • ' .• . I I I f 

:0.22-0 . 211:5.6-7.J :t.011----------. : 0.31: 
: o. 1!-0 .20: 5 .1-6 .o : Moder at•_.•---: 0.11: 
: 0.15.0.19:4 . 5-6.5 t '4oder1t•----- : 0.31: 
: o. 16-0.20: 5 .1-6 .s : Mod•rau------: a. 311 
t . I I f 
I t I t 

: o.16-0 .20: 5 .1-7. 3 : t.ov-------..,-- : o. 31·: 
: 3.12• 0. 11 : .11.5.5 .o : Moder at•----: o. 31: 
! ') .1 O·'l. l1: ]. 6-7. ~ : !f'llll•·:----.. --: 0 . 31 l 
: o .06-o.12:3;s-1.~ :~11n--------- : ~.37; . 
I 

.: o.06-o. t5: •·s-1. 1 
: 0.02-0.10: J.6...-S.S 
: 0.01-0·. 05: ~ .'S-5 . s 
:o.o•-o.10;3.6-5.5 
• • . . 
.: o.11-o.1a:s. 1-6.o 
:0.03-0.03:5.t-6•0 
; 0. 10-0. 1•: 5 .·1-6 .5 

; ') .07•0. '2 : :a .t;-6 .• 0 
:~ .06-?. 10 :11.5•5.5 
: 'l.05-o .oa:• .5~s.5 

'. ~ . Oi-D. t , : •.5-~.~ 
: 1 . oa-J. ~o:•.s-s.5 
. ., .os-o ;03 : ... '5-'5.'5 
: J.03 ... a . -10:•.s-s.5 

. .• . '· . . . 
• • • : Low~-------·- ; ·o. 2·• :· : t.o.v----------- ! 0 .-2• t 
: ta,v---···-~--- : .J .. 2·1: 
:"°4er•t•·--•-:o.2•: . . . 
o t I 

:. t.o...._ .... .--... : o. 2•: 
: "-Oderat•---:0.2~: 
:!toderau----:o.2i: 

: t.ov-----------; 0-. 29: :· t.:n•-·-----~---·, ; 0-.•. :ZS·: 
: t., ..... ~------- ~ 3.2.1.: . . .. . 
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POttNTIAL HAZAROOUS VAS'IE Sitt - Sitt INSPECTION REPORT. 

II 04 Depth to <roundwater - 75-100' to water table in Mississippian-· 
<Upper> aquifer. 

11 OS Direction of Q"oundwater Flow - to the north in aenerai for flow in 
saturated zone, but flow _ in karstcondui~s <above saturated zone> is t() 
the northeast to Ritter \lest Sprin2 or to the north to the 
Williams-Fantastic.;.Bunize SprinQS Complex. 

II 06 Depth to Aquifer of Concern - - 5-20' to .the top of bedrock 
<pinnacled bedrock surface) 

II 07 Potential Yield of Aquifer - 50 gpm is possible if the weUbore 
intersects numerous secondary permeability features .• 

- -

II 08 Sole Source Aquifer - No. the Gambrian-Ordovician aquifer lies 
below the Northview Formation. 

II 10 Rec~rae Area - Yes, recharge primarily to karst. conduits in vado~e 
zone, with minor recharae .to the Saturated Mississippian aquifer below. 

I I 11 DischarQe Are.a - No~ · 

VI 01 Permeability of Unsaturated Z.one - _ 10-4 t o t Q"'."3 cm/sec. 

·v1 02 Permeability of -Bedrock - Very permeable. 

VI 03 Depth to Bedrock - 5-20' 

VI 08 Site Slope - 1-5,; 

Direct.ion of Site Slope - Site slopes in every direction. It is within a 
karst. plain. 
Terrain averaae slope -~ 2-3~ 

VI 14 Description of Site in Relati9n to Surroundinci Topography. 
Site is within an internally-drained sinkhole plain. Slope$ are 

aeneraUy · qentle in the -area. The topcgraphy becomes ruriae<t alona the 
1,.ittle sac River to the north-northeast. - -

Vil Sources of lrlrormation 
See- tRS References. 
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